Introduction: Assessing proteinuria is of uttermost importance for a nephrologist. It is often indispensable to accurately quantify the amount of protein lost, hence complicated and timeconsuming urine collections (the gold standard or "king" of methods -24-h protein excretion rate [PER]) are often replaced by spot urinary protein to creatinine ratio (PCR). The aim of the study was to determine whether the latter can reliably compare to the gold standard and whether "timing" of a spot urine sample is essential. Methods: We performed a prospective, single-center study of 143 consecutive adult patients with glomerular proteinuria (a total of 187 cases). Protein and creatinine concentration was measured in 3 consecutive urine samples (starting with the first morning void) and a simultaneous 24-h urine collection. Agreement between 24-h PER and PCR was evaluated with Bland-Altman plots. Results: Compared to PER 3 consecutive PCRs were 0.86, 0.66, and 0.50 higher with wide limits of agreement respectively. The bias between 2 methods was influenced by sex, CKD stage, albumin concentration and angiotensin-converting enzyme inhibitor/angiotensin receptor blocker treatment. In 24 participants, in whom at least 2 measurements at different time points were available, only 88% of differences were lower than the calculated repeatability coefficient. Conclusions: Unfortunately although random PCR correlates with 24-h protein excretion, the scatter of differences increases as 24-h proteinuria rises (without any significant effect of the sampling time). The observed lack of agreement makes PCR an unsuitable parameter to correctly quantify proteinuria; it is also not useful for monitoring the amount of daily proteinuria in the same patient. Therefore, while searching for new markers, nephrologists can only say: "long live the king!"
Introduction
Normal urinary protein excretion is < 150 mg/day. Detection and subsequent evaluation of the causes of proteinuria is one of the most common tasks performed everyday by nephrologists worldwide. All guidelines focus on the exact amount of protein excreted and therefore, it is of uttermost importance to accurately quantify proteinuria. For many years, 24-h urine collection was the "gold standard" or the "king" of methods although it is often a tiring chore for the patient, time-consuming, hard to perform outside of hospital, and even over-and under-collections happen. Therefore, for a long time, a quest for new methods of proteinuria quantification took place. In 1983, Ginsberg et al. [1] published a seminal paper on the use of single voided urine samples to estimate quantitative proteinuria. Quickly other publications followed showing a good correlation of spot protein to creatinine ratio (PCR) with 24-h protein excretion rate (PER). A single-center longitudinal study also proved that it might be a better predictor of kidney disease progression [2] . The excitement was only minimally suppressed by more recent data showing that although correlation is present, agreement between the tests might be poor and that both a diurnal and day-to-day variability in protein excretion exists [3] .
Therefore, although an abundance of research is present, the question of how to quantify proteinuria remains valid. Citing KDIGO guidelines on glomerulonephritis (GN): there is currently insufficient evidence to preferentially recommend 24-h, shorter-timed or spot urine collections for proteinuria in the management of GN [4] . In contrast, non-nephrological guidelines: for example, American College of Rheumatology guidelines for lupus nephritis recommend that a spot urine protein/creatinine ratio of > 0.5 can be substituted for the 24-h protein measurement [5] . The main objective of the study was to compare the results of PCR and 24-h protein excretion and add to the discussion whether timing of a spot sample matters (as right now many physicians recommend using first morning void). Our hypothesis was that the agreement between spot PCR and 24-h PER is low.
Material and Methods

Study Design
We performed a prospective study between February 2017 and March 2018 at a university-based hospital in Bialystok, Poland.
Participants
Patients were recruited among individuals being hospitalized at that time at I Department of Nephrology and Transplantation. Eligibility was based on proteinuria on previous urinalysis. The inclusion criteria were age above 18, proteinuria above 0.5 g/day (based on earlier values, if during the hospitalization proteinuria was lower than 0.5 g/day patients were excluded from analysis), stable kidney function (less than ±10% variation in estimated glomerular filtration rate), consent of the patient and whether the investigator deemed the patient capable of performing a complete 24-h urine collection. The exclusion criteria were dialysis, the presence of a Foley catheter, a urinary tract tumor and urinary tract infection, or inability to provide informed consent. Subjects formed a consecutive series.
Test Methods
The index test was spot PCR performed at 3 different time points. The reference standard was 24-h protein excretion. Patients were given 3 spot urine containers clearly labeled with sample 1, 2, and 3 and 24-h urine container. They were instructed to start the day by emptying the bladder into the toilet and afterwards into spot containers (3 consecutive samples of 20 mL into 3 consecutively labeled containers: PCR1, PCR2, PCR3) and the rest to another 24-h urine container. After 3 first micturitions, the patients were asked to urinate into the 24-h urine container only. The first void of the next morning was also included in the analysis. To ensure the accuracy of the 24-h urine collection, each patient received a written instruction together with an explanation of the procedure (around 15 min) by one of 2 investigators (A.R.-R. or K.K.). During the day of collection, the investigators also checked the patient for compliance, the day after the collection, the patient was questioned once again about the completeness of the process -collections deemed incomplete were discarded from the analysis. All the samples were transferred immediately to hospital's accredited central laboratory and analyzed within 3 h. Standard demographic data and relevant medical history including 24-h urine volume proteinuria cause (preferably biopsy-proven diagnosis), current angiotensin-converting enzyme inhibitor/angiotensin receptor blocker (ACEI/ARB), glucocorticoids or other immunosuppressive treatment, presence of a transplanted kidney or monoclonal protein in the urine, was collected by the investigators. Participants also underwent blood tests for creatinine (with estimated glomerular filtration rate estimation using the MDRD equation) and albumin in the same hospital laboratory. The spot urine protein and creatinine values were reported in mg/dL. Total measured urinary protein and creatinine excretion was reported in g/day. To once again assess the completeness of 24-h urine collection, creatinine excretion was also estimated using the formula reported by Ix Causes of proteinuria were classified into 3 categories: GN, diabetic nephropathy, and other (genetic diseases, unknown, renal involvement in plasma cell dyscrasias, hemolyticuremic syndrome, chronic allograft nephropathy). Clinical information was readily available to all study authors.
The study was approved by the Medical University of Bialystok Bioethics Committee (approval number R-I-002/174); all patients provided written consent.
Analysis
Medians and interquartile range are reported for continuous variables, and frequency and percentages for discrete data. Bland-Altman plots were used for evaluation of agreement between 24-h PER and PCR. Associations between variables of interest were explored with regression analysis. The reported β and p values depict the direction and the level of the statistical significance of the interaction. Differences between means were evaluated with ANOVA. The two-sided p value below 0.05 was considered significant. Patients with missing data were omitted from the analysis (4 patients were excluded because 24-h proteinuria was missing). All statistical computations were done with Statistica 13.1 (Dell Inc., USA) and R version 3.3.3 (Vienna, Austria).
Results
Participants Table 1 presents baseline characteristic of studied participants. Of the 143 participants of Caucasian origin, 24 had measurements done more than once, giving a total of 187 analyzed cases. Ages ranged from 18 to 82 years, with median 57 years. The distribution of chronic kidney disease stages was as follows: 16% in stage 1, 13% in stage 2, 32% in stage 3, 27% in stage 4, and 13% in stage 5. In 114 (61%) cases steroids were used for the treatment of underlying kidney disease and therapy with ACEI/ARB was prescribed in 64 patients (34%). 
Agreement between Measured and Predicted Creatinine Excretion
There was a linear correlation between measured and calculated values of creatinine excretion (r = 0.6, p < 0.001) confirming the completeness of 24-h urine collections.
Relation between 24-h Proteinuria and PCR
The scatter of differences increases as 24-h proteinuria rises without any significant effect of the sampling time ( Fig. 1) . A logarithmic transformation decreased the relation between the mean proteinuria and the difference, but for the ease of interpretation analyzes of log-transformed data were abandoned. On average, 24-h proteinuria was higher than that predicted with PCR. The limits of agreement were wide ( Table 2 ). The interquartile range of the bias and the percent of patients within acceptable range are presented in Table 3 .
Factors Influencing the Bias
Regression analysis revealed the following significant associations between bias (difference between 24-h proteinuria and PCR) and sex (lower in females, β = -0.23 p < 0.01), CKD stage (lower in more advanced stage, β = -0.25 p < 0.001), albumin concentration (more pronounced in hypoalbuminemia, β = -0.36 p < 0.001), treatment with ACEI/ARB (higher in treated persons, β = 0.16 p < 0.05) but not BMI or use of steroids (β = 0.13 p = 0.09).
To verify whether sampling of urine for PCR may introduce a bias to 24-h proteinuria, we performed the following calculations: First, we adjusted 24-h proteinuria for the amount of protein, which was lost due to PCR measurements (24-h proteinuria plus amount of protein in 20 mL taken for PCR measurement). Afterwards we compared newly calculated bias with the previous one and there were no significant differences.
We also performed a subgroup analysis according to 24-h proteinuria, which confirmed increasing range in limits of agreement and the bias in line with the magnitude of protein excretion. Differences through the whole spectrum of daily proteinuria were unacceptable ( Table 4) . 
Repeatability of the Bias in the Same Patient
Calculated repeatability coefficient was equal to 4.3 g per 24-h in 24 participants, in whom at least 2 measurements at different time points were available. Only 88% of differences were less than the coefficient, what is below the threshold suggested by British Standard Institution. It shows that PCR is not a suitable parameter for monitoring the amount of daily proteinuria in the same patient. Differences between biases were evaluated with ANOVA and were insignificant. IQR, interquartile ranges; PCR, protein to creatinine ratio. 
Discussion
Quantification of proteinuria is still a vital measurement for every single nephrologist. It has been argued that small differences do not matter [7] , but according to guidelines [4] , we base our treatment on certain values: for example, proteinuria above 4.0 g for membranous GN. Precision in quantification is therefore of uttermost importance, as it will guide almost the entire therapeutic process.
The gold standard of 24-h urine collection has long been discouraged as being cumbersome for the patient to perform and hard for the physician to interpret (the need to determine accuracy based on creatinine content) [8] . Spot urine testing is a tempting alternative, as it is simple and obtainable at once, eliminates the problem of "complete" collection and takes into account the influence of body size on proteinuria rate [9, 10] .
The first paper to directly compare PCR with 24-h protein excretion was published in 1983 [1] . Only 46 patients took part in the study, and all spot samples were analyzed and the correlation coefficient was highly significant (r = 0.97). Other researchers report correlation coefficients ranging from 0.56 to 0.98 [11, 12] . A seminal study from Remuzzi group found not only a significant correlation between PCR and both absolute and log-transformed 24-h urinary protein values but also that PCR was a reliable predictor of progression of disease in a cohort of 98 non-diabetic patients followed up for 5 years [2] . Similar results were obtained in diabetic patients: in a cohort of 229 people with diagnosed type 1 diabetic nephropathy, a random urine PCR correlated with 24-h urinary protein [13] .
When 2 methods are compared, however, neither the correlation coefficient (as was reported in studies cited above) nor regression analysis are appropriate, but the degree of agreement should be addressed, as pointed out by Bland and Altman [14] . Our study clearly demonstrates that unfortunately although random PCR correlates with 24-h protein excretion, the scatter of differences increases as 24-h proteinuria rises (without any significant effect of the sampling time). On average, 24-h proteinuria was higher than when determined from PCR, but the limits of agreement were wide. Of note, irrespective of whether sub-nephrotic or nephrotic patients were analyzed, the differences were unacceptably high (the usually good correlation between PCR and 24-h PER is partly explained as a mathematical consequence of comparing both over a wide value range, so PCR is perceived as a better measure in nephrotic patients and less specific in proteinuria below 3.5 g/day). The observed lack of agreement opposes an earlier study where, applying the Bland-Altman test to a cohort of 170 proteinuric patients, a good correlation and precision of agreement was demonstrated for both methods (PCR and 24-h PER) [15] . Factors correlating with the bias (the extent of lack of agreement) were female sex, CKD stage, hypoalbuminemia, and ACEI/ARB treatment but not BMI or glucocorticoid treatment. Those differences might be partly explained by creatinine excretion (lower in females and advanced CKD stages, so if on average the 24-h proteinuria is higher, in those patients with a lower denominator in PCR, as shown in our study the bias would be lower), although there was no correlation with the BMI or glucocorticoid use -2 factors that also influence creatinine generation and excretion. Based on those factors, we developed a prediction equation (which included sex, age, weight, and serum albumin concentration) to estimate daily proteinuria, that yielded slightly better results, although we do not think that it is valuable in everyday situations as it would be relatively complicated and time consuming.
During the last decade, clinical observations and small studies suggested the above, for example, in lupus nephritis a meta-analysis of 13 studies concluded that results of 24-h PER and PCR show poor agreement between both tests [16] . In 2016 Hogan et al. [17] published an observation from the NEPTUNE cohort (Nephrotic Syndrome Study Network) of 302 adult and pediatric patients. The correlation between random PCR and 24-h PER was moderate, although log 10 transformation of values strengthened it. The authors also developed a prediction equation (based on logarithmic transformation), which further improved precision. The limitations of the above cited study was that PERs varied between validation cohort and derivation samples, 24-h urine collection was not directly observed (the yielded creatinine values were systematically lower than expected for adults), and the cohort consisted mainly of patients with focal and segmental glomerulosclerosis, minimal change disease and membranous nephropathy, so it is hard to generalize the results.
The relatively new aspect of our study is that we also (although on a small group of 24 patients) were able to show that there was no repeatability of the bias in the same patient, which suggests, in opposition to expert recommendations [18] that PCR is not a suitable parameter for monitoring the amount of daily proteinuria in the same patient. In literature, the above fact was reported in lupus nephritis only, when during longitudinal observation (15 months) of 103 lupus nephritis patients 59% of PCR values were "problematic" or "unreliable" [19] .
The undisputable strength of our study is that the 24-h urine collections were performed in one center and every patient was directly observed by 2 of the authors (A.R.-R. and K.K.). The other is that both the spot PCR and the 24-h urine collections were made on the same day. Taking into account diurnal variation in protein excretion, we collected 3 spot PCRs, therefore also testing the assumption that one spot sample is better than the other. We included different causes of proteinuria in our analysis (although we excluded non-glomerular proteinuria) so the results could be generalized -we wanted to re-create a real-life situation, as nephrologists treat all those proteinuric patients. We also included subjects with a wide range of proteinuria: from 500 mg up to > 10 g/day.
We are aware of the limitations of this study. First of all we measured protein not albumin excretion, although that is what is usually done in real-life situations and that is what was studied in most trials. Second, patients participating in our study reflected practically all stages of CKD. One could argue that could be the cause of low agreement but analyzing the results there were no differences in the extent of bias when only patients with CKD 1 and 2 were included. Studies proving a highly significant correlation between PCR and 24-h PER also included those with normal renal function or mild, moderate, and severe renal dysfunction [20] .
In conclusion, we show that spot PCR is not a reliable parameter, neither for initial qualification of proteinuria nor for follow-up measurements of protein excretion (as suggested by experts) [18] . We can only quote Roger Rodby and the French (although supporting an opposite point of view) "Le roi est mort, vive le roi!" -the spot urine collection is dead [7] . Unfortunately, for now, only 24-h urine collections remain for accurate protein excretion measurement. 
